Difficulties in the preparation of neutral ligands of the type [RSi(2-py)3] (where 2-py is an unfunctionalised 2-pyridyl ring unit) have thwarted efforts to expand the coordination chemistry of ligands of this type. However, simply switching the pyridyl substituents to 6-methyl-pyridyl groups (6-Me-2-py) in the current paper has allowed smooth, high-yielding access to the [PhSi(6-Me-2-py)3] ligand (1) pyridyl units due to large Fermi-contact shifts. However, magnetic anisotropy also leads to considerable pseudo-contact shifts so that both contributions have to be included in the paramagnetic NMR analysis.
Introduction
C 3 -symmetric, tripodal ligands are used extensively as auxiliary ligands in single-site transition metal homogeneous catalysis and biomimetic systems. [1] [2] [3] [4] [5] [6] One of the major classes of these are tris-pyrazolyl borates (Figure 1a ), which combine ease of synthesis with the ability to tune the steric and electronic character of the donor set by the introduction of electrondonating or electron-accepting substituents into the pyrazolyl ring units. 7 An emerging but less well developed strategy for tuning ligands is the substitution of the bridgehead atom itself for other main group elements, with the potential not only for tuning the electronic character of the ligand but also the ligand bite in a systematic way. Our interest in this area has been in the tris-2-pyridyl family of ligands. The majority of studies in the past three decades have concerned neutral frameworks containing lighter, non-metallic bridgehead atoms Y(2-py') 3 (Y = CR, COR, CH, N, P, P=O; 2-py' = an unsubstituted or substituted 2-pyridyl group) (e.g., Figure 1b) . 8 More recently, however, attention has turned to the effects of incorporating more metallic Group 13, 9 14 10,11 and 15 12 bridgeheads. 13 These isoelectronic metallic relatives now span almost the entire range of p-block elements, from anionic aluminate ligands (e.g., inset to Figure 1 , A), 9 through to the heaviest counterpart containing a Bi III bridgehead (inset to Figure 1 , C). 12 We have shown recently that changing the bridgehead atom can have significant effects on both the coordination chemistry and reactivity of tris (2-pyridyl) ligands. For example, the increasing Lewis acidity of the elements as Group 15 is descended can impact dramatically on the ligand coordination mode as well as the -donor character of the ligand frameworks, introducing the potential for modulation of the structures and catalytic activity of metal complexes. 12 Heavier Group 14 ligands of this type can be divided into two classes, neutral element-IV ligands of the type [RE(2-py') 3 ] 10 and element-II anions of the type [E(2-py') 3 ] -.
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Although Zeckert and coworkers have developed the coordination chemistry of the latter in a number of key studies, there is currently a surprising lack of structural data available on the element-IV oxidation state ligands [RE(2-py) 3 ]. 10 Although there are reports of the coordination and py) 3 LiX (X = Cl/Br), containing the neutral [MeSi(2-py) 3 ] ligand (2-py = unsubstituted 2-pyridyl) (inset to Figure 1, B) .
10c
In the current paper we set out with the simple aim of expanding knowledge of the coordination chemistry of Si(IV) tris(2-pyridyl) ligands. Entry into this system was facilitated by the synthesis of the new Si(IV) ligand [PhSi(6-Me-2-py) 3 ] which was then used to obtain a range of (the first) transition metal complexes containing this type of donor. The synthesis, singlecrystal X-ray structures and selected solution dynamics of the new complexes [{PhSi(6-Me-2-py) 3 
Results and Discussion
In previous work, we have found that the main obstacle to developing this area is the low yielding synthesis of unsubstituted tris(2-pyridyl) ligands from 2-lithio-pyridine and RSiCl 3 . As a result, the only coordination compound obtained so far in this area has been [MeSi(2-py) 3 LiCl], which was isolated in low yield (Scheme 1a).
10c, However, a clue to a way around this problem is provided by an early study which reported that the 6-bromo-substituted Si(IV) ligand [MeSi(6-Br-2-py) 3 ] can be obtained in 54% yield from the reaction of MeSiCl 3 and lithiated 2,6-dibromo-pyridine. 15a We recently showed that 6-methyl substitution at the pyridyl substituents not only leads to cleaner lithiation of the corresponding 2-bromo-pyridine, but also stabilises the tris(2-pyridyl) products themselves by suppressing the reductive elimination of bipyridine. Thus, for example, whereas in situ reaction of unsubstituted 2-lithio-py with BiCl 3 or SbCl 3 could not be used to prepare the Bi(2-py) 3 or Sb(2-py) 3 ligands, the reaction involving 6-Me-2-py gave Bi(6-Me-2-py) 3 and Sb(6-Me-2-py) 3 in good yields. 12 In the current study, we were able to obtain the new Si(IV) ligand [PhSi(6-Me-2-py) 3 ] (1) in high yield (82%) from the reaction of PhSiCl 3 with 6-Me-2-Li-py in thf (Scheme 1b), providing gram-quantities for the further investigation of coordination chemistry. In contrast, the reaction between unmethylated 2-lithio-pyrdine and PhSiCl 3 yields a mixture of products, as is apparent from the Elemental analysis confirms that unlike the previously reported Si(IV) system, no lithium halide coordination occurs for 1 in crystalline samples. This is further confirmed by the single-crystal X-ray structure, which shows a C 3 -symmetric molecular arrangement in the solid state in which the pyridyl-N atoms are orientated towards the Si(IV) bridgehead atom ( Figure 2a) . The absence of LiX (X= Cl, Br) coordination in 1 presents a technical advantage (in addition to the high yield of the ligand) because there is no need to separate LiX from reaction products after transfer of the ligand to other metal centres. It can be noted also that although 1 is prepared under inert-atmosphere conditions, it is in fact air-stable and only hygroscopic. Molecules of 1 are paired up in the lattice, forming a 'sextuple embrace' in which the three pyridyl rings of each molecule are interdigitate (Figure 2b ). Coordination studies of 1 with a range of transition metal salts and organometallics were undertaken. The overall results of these studies are shown in Scheme 2.
Scheme 2
The coordination of ligand 1 to various transition metals in the current study. Yields of crystalline complexes 2, 31%; 3, 70%; 4, 65%; 5, 21%.
The new complexes [{PhSi(6-Me-2-py) 3 C NMR spectroscopy. The single-crystal X-ray structures were also obtained (see Table 1 , ESI).
The reaction of [Cu(CH 3 CN) 4 ]PF 6 with 1 in CH 3 CN at room temperature gives the crystalline complex [{PhSi(6-Me-2-py) 3 C NMR spectra for 2 compared to 1 and the presence of only one 6-Me-2-py environment. The single-crystal X-ray structure of 2 shows that it is an ionseparated complex containing [{PhSi(6-Me-2-py) 3 }CuCH 3 CN] + cations ( Figure 3 ) and PF 6  anions. The tris-coordination of all three of the N-atoms of the pyridyl rings to various metal centres is common for the tris-pyridyl family of ligands and the previously reported ion-separated complexes [{RC(6-Me-2-py) 3 }CuCH 3 CN]PF 6 (R = H, Me), containing C-bridged pyridyl ligands, are closely related to 2 (containing C-bridged analogues of ligand 1, with the same 6-Me-2-py substituents). 17 There are noticeable effects in changing the bridgehead atom from the smaller C-to the larger Si-atom. In particular, the Cu-N pyridyl bonds in the cation of 1 [2. 061 (4) Satisfactory elemental analyses were obtained for both compounds. However, room-temperature 1 H spectroscopy proved unhelpful in their characterisation owing to the paramagnetic nature of the high-spin d 6 and d 7 electronic configurations of the transition metal ions and the presence of a fluxional process (described later). Unambiguous characterisation was made by single-crystal X-ray diffraction. Both complexes are isostructural (Figure 4 ), consisting of molecules in which the tris-pyridyl ligand 1 adopts a bidentate coordination mode in which only two of the three N-atoms are bonded to the transition metal ions. There are no closely related analogues of 3 and 4 containing C-bridged tris-pyridyl ligands, the closest relatives being the 2 : 1 'sandwich' complexes [{MeC(2-py) 3 
. 19 However, the bis-coordination of two of the Natoms of ligand 1 found in both complexes is the same as that observed for the isoelectronic P(6-Me-2-py) 3 ligand in the complex [{P(6-Me-2-py) 3 }FeCl 2 ], which has a very similar structural arrangement. 20 The reasons behind this biscoordination of the metal cations in 3 and 4, rather than triscoordination in the potential alternative ionisation isomer [{P(6-Me-2-py) 3 As noted before, the 1 H NMR spectra of 3 and 4 at 298K were uninformative due to unusually broad resonances, even for paramagnetic complexes of Co II and Fe II . However, reducing the temperature of solutions of 3 and 4 in toluene results in significant sharpening of the 1 H resonances for both compounds. The sharpening of the spectra strongly indicates that a dynamic (fluxional) process is occurring. In the case of 3, gradual sharpening of the signals is observed between 353 and 253K to show eventually the same 2 : 1 desymmetrization of the 6-Me-2-py substituents that is present in the solid-state structure. At the same time, the line-widths of the Phresonances remain unchanged in this temperature interval, showing that fluctionality of the pyridyl groups alone is responsible for the observed effect. Additional information is obtained from the temperature-dependent behaviour of 4 which shows similar behaviour as 3 between 230 and 298K. However, increasing the temperature above 298K also results in sharpening of the 6-Me-and 2-py resonances into a C 3 -symmetric arrangement containing only one 6-Me-2-py environment. This behaviour is consistent with an intramolecular fluxional process involving precession of the bis-coordinating pyridyl groups in both complexes (Scheme 4). The low-temperature (230 K) 1 H NMR signals of the coordinated pyridyl groups in 3 and 4 can be assigned using DFT calculated spin-densities. 22 However, the correlation of the calculated NMR shifts using Fermi-contact and orbital shifts alone is not satisfactory (Figure S9 , ESI). EXSY (2-D Exchange) NMR spectroscopy allows the assignment of H 2 of non-coordinated pyridyl at +12 ppm (exchange peak with H 2 c at  -28 ppm). This atom is seven bonds away from the paramagnetic centre and therefore no Fermi-contact shift contributes to the observed NMR value, only orbital and pseudocontact shifts. Using the molecular structure and a magnetic axis that bisects the N-Fe-N angle gives an axial magnetic anisotropy ( ax ) of 7 x 10 -32 m 3 for 4 (see Figure S11 , ESI). In a similar way  ax was determined for 3 (8 x 10 -32 m 3 ). Including both Fermi-contact and pseudo-contact shifts leads to a much better agreement with the experimental 1 H NMR spectrum ( Figure 5 ). The anisotropy of 4 compares well with a known 4-coordinate Fe 2+ complex 23 whereas in octahedral Co 2+ compounds much larger anisotropies compared to 3 have been observed. 
Conclusions
In conclusion, substitution at the 6-position of the pyridyl ring units makes the synthesis of the resulting [PhSi(6-Me-2-py)] ligand much more amenable and produces usable amounts for further coordination studies. This has allowed access to the first examples of transition metal complexes of this type of Si IV tris-pyridyl ligand. Synthetic studies show that, while these ligands function similarly to their C-bridged relatives, they nonetheless exhibit some redox instability, depending on the metal coordinated; a characteristic of related Sn IV tris-pyridyl ligands. This study forms part of our on-going work designed to investigate how changing the main group bridgehead atoms can be used to modulate the reactivity of tris-pyridyl and related tripodal ligand arrangements, in particular. Future studies will explore the applications of ligands of this type in a range of catalytic reactions. C HMBC). Figure 7 shows the labelling scheme for NMR assignments used throughout the Experimental Section. Elemental analysis was obtained using a Perkin Elmer 240 Elemental Analyser.
Figure 7
Showing the labelling scheme used for NMR spectra in the following characterisation and in Figure 5 in the main text.
X-ray Crystallographic Studies.
Data were collected for 1, 2, 3, 4 and 5 on a Bruker D8 QUEST Photon-100 diffractometer with an Incoatec IS Cu microfocus source. The temperature was held at 180(2) K using an Oxford Cryosystems N 2 cryostat. Crystals were mounted directly from solution using perfluorohydrocarbon oil to prevent atmospheric oxidation, hydrolysis and solvent loss. Further details of data collection and refinements can be found in the ESI (Table S1) 
Synthesis of compounds 1-5.
Synthesis of 1: 2-Bromo-6-methyl pyridine (2.28 ml, 20 mmol) was dissolved in 40 ml of thf. To this n BuLi (12.5 ml, 20 mmol, 1.6 M in hexanes) was added dropwise at −78 °C. The resulting dark orange solution was stirred for 3 h at −78 °C. PhSiCl 3 (1.4 g, 6.66 mmol) in 5 ml of thf was added dropwise to the dark red lithiated species. The resulting pale brown mixture was allowed to warm to room temperature. After stirring overnight, a dark brown solution with a light brown precipitate was formed. All volatiles were removed under vacuum and the resulting solid residue was extracted with 40 ml of warm toluene. The suspension was filtered through Celite to yield a clear-brown solution which was concentrated under vacuum until the precipitation of a white solid was observed, which was redissolved by gentle heating. Storage overnight at -15 °C yielded 1 as colourless needles suitable for X-ray crystallography. The product was isolated by filtration and storage of the mother liquor yielded a second crop of crystals. Combined yield 2.10 g (4.61 mmol, 82%). Elemental analysis (%) calcd. for 1: C 75.5, H 6.1, N 11.0 found: C 74.5, H 5.9, N 10.5. 3 (500 mg, 1.30 mmol) and Mo(CO) 6 (343 mg, 1.30 mmol, 1 eq) inside a N 2 -filled glove box. The Schlenk tube was transferred to a vacuum line and 25 ml of CH 3 CN was added. The resulting solution was brought to reflux overnight during which the colour changed to brown/red. The solvent was removed and the solid brown residue was dissolved in 25 ml of dichloromethane and stirred for 2 hours. The solution was concentrated under vacuum until the precipitation of a red solid was observed, which was redissolved by gentle heating. Storage overnight at -15°C yielded yellow crystals of 5•CH 2 
